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(S)  Vehicles  equipped  with  power  take-off  apparatus. 

Where  power  take-off  apparatus  is  driven  by  an  internal 
combustion  engine  (10),  the  rate  of  rotation  of  the  power 
take-off  output  shaft  (17)  is  usually  controlled  by  means  of  a 
manual  or  foot  control  arrangement.  However,  especially  in 
the  case  of  the  engine  being  of  the  fuel  injection  type,  such 
control  may  be  coarse  and,  as  a  result,  it  may  be  difficult  to 
maintain  the  desired  steady  engine  speed.  Control  apparatus 
is  now  provided  comprising  a  sensor  (18)  producing  pulses 
at  a  rate  proportional  to  the  rate  of  rotation  of  the  power 
take-off  output  shaft  (17),  a  control  unit  (20)  which  receives 
the  pulses  and  distinguishes  between  rates  above  and  below 
at  least  one  reference  rate  by  responding  to  the  time 
between  successive  pulses,  and  an  electromechanical 
actuator  arrangement  (21)  which  acts  on  a  fuel  flow  control 
(22).  The  control  unit  (20)  provides  an  output  signal  which 
determines  whether or  not the fuel  flow  control  (22)  operates 
to  reduce  the  flow  rate  of  the  fuel  to  the  engine  (10). 





This  i n v e n t i o n   r e l a t e s   to  v e h i c l e s   equipped  with  power  t a k e - o f f  

a p p a r a t u s .   Motor  v e h i c l e s   are  known  which  have  an  i n t e r n a l  

combust ion  engine  of  the  i n j e c t i o n   type  which  uses  d i e s e l   o i l   o r  

ga so l i ne   and  c o n s e q u e n t l y   has  a  fuel  pump  for  c o n t r o l l i n g   the  r a t e  

of  flow  of  fue l   to  the  eng ine ,   the  v e h i c l e   being  equipped  w i t h  

power  t a k e - o f f   a p p a r a t u s   which  can  be  d r iven   by  th is   e n g i n e .   There  

i s ,   however ,   a  d i f f i c u l t y   invo lved   in  the  use  of  the  power  t a k e - o f f  

a p p a r a t u s   of  such  a  v e h i c l e   in  t ha t   the  c o n t r o l   over  the  ra te   o f  

flow  of  fue l   given  by  the  usual  manual  or  foot   c o n t r o l  

a r r angemen t   for  the  fue l   pump  is  very  coarse  in  the  middle  r a n g e  
of  r a t e s   r o t a t i o n   of  the  engine  ou tpu t   s h a f t .   Fig  1  of  t h e  

accompanying  drawings  shows  an  example  of  engine  speed  in  r . p . m .  
a g a i n s t   fuel   i n p u t   for  an  i n j e c t i o n   eng ine .   I t   w i l l   be  seen  t h a t  

con t ro l ,_ i s   good  at  low  and  high  r .p .m.   but   very  d i f f i c u l t y   i n  

the  range  between  1,000  r .p .m.   and  2,000  r . p . m .  
The  p r e s e n t   i n v e n t i o n   has  a r i s en   out  of  an  a t t emp t   t o  

overcome  t h i s   d i f f i c u l t y   in  a  way  which  does  not  involve   the  use  

of  very  complex  and  expens ive   fuel   pumps  which,  while  b e i n g  

s a t i s f a c t o r y   for  power  t a k e - o f f   r e q u i r e m e n t s ,   are  d e t r i m e n t a l   t o  

the  road  pe r fo rmance   of  the  veh ic le   where  the  engine  is  the  e n g i n e  

which  d r ive s   the  powered  road  wheels  of  the  v e h i c l e .   However,  t h e  

i n v e n t i o n   is  not  l i m i t e d   to  use  in  connec t ion   with  v e h i c l e s  

employing  i n j e c t i o n   engines   for  d r i v i n g   power  t a k e - o f f   appa ra tu s   b u t  

a p p l i e s   whether   the  engine  is  e i t h e r   of  the  i n j e c t i o n   type  o r  

has  o the r   means  c o n t r o l l i n g   the  flow  of  fuel   to  the  eng ine ,   and  

a p p l i e s   whether   or  not  the  engine  which  is  used  to  dr ive  the  power  
t a k e - o f f   a p p a r a t u s   is  the  same  engine  which  dr ives   road  wheels  o f  

the  v e h i c l e .  

The  p r e s e n t   i n v e n t i o n   app l i es   to  a  veh ic le   having  an  i n t e r n a l  

combustion  engine  and  means  for  c o n t r o l l i n g   the  ra te   of  flow  o f  

fue l   to  the  s a id   engine  in  o p e r a t i o n ,   the  veh ic le   being  e q u i p p e d  

with  power  t a k e - o f f   appa ra tu s   i n c l u d i n g   a  r o t a ry   power  t a k e - o f f  

ou tpu t   s h a f t   which  can  be  dr iven  by  the  sa id   engine.   I n  

accordance   with  the  i n v e n t i o n ,   means  are  p rov ided   for  s e n s i n g  

r o t a t i o n   of  the  sa id   ou tpu t   s h a f t   and  p roduc ing   in  response   t h e r e t o  

a  r e p e t i t i v e   s i g n a l   in  which  the  d u r a t i o n   of  the  r e p e a t e d   e l e m e n t  



is  i n v e r s e l y   r e l a t e d   to  the  ra te   of  r o t a t i o n   of  the  sa id   o u t p u t  

s h a f t ,   and  e l e c t r i c a l   con t ro l   means  are  coupled   to  the  s e n s i n g  

means  to  r e c e i v e   the  r e p e t i t i v e   s i g n a l   and  so  are  coupled  to  t h e  

means  for  c o n t r o l l i n g   the  ra te   of  supply  of  fuel   t h a t   in  u s e  

whenever  the  r a t e   of  r o t a t i o n   of  the  sa id   o u t p u t   s h a f t   exceeds  a 

p r e d e t e r m i n e d   value  when  i n c r e a s i n g   from  ze ro ,   the  e l e c t r i c a l  

con t ro l   means  so  ope ra te   tha t   the  means  for  c o n t r o l l i n g   the  r a t e  

of  supply   of  fuel   responds  by  r educ ing   the  r a t e   of  supply  o f  

f u e l .  

The  e l e c t r i c a l   con t ro l   means  may  be  such  t h a t   the  means  f o r  

c o n t r o l l i n g   the  ra te   of  supply  of  fuel   does  not   al low  the  ra te   o f  

supply  of  fue l   to  i n c r e a s e   or  be  i n c r e a s e d   a f t e r   the  r a t e   o f  

r o t a t i o n   of  the  sa id   output   s h a f t   exceeds  the  s e t   p r e d e t e r m i n e d  

value  u n t i l   the  ra te   of  r o t a t i o n   of  the  s a i d   ou tpu t   s h a f t   f a l l s  

below  a n o t h e r   lower  p r e d e t e r m i n e d   va lue .   F u r t h e r m o r e ,   the  e l e c t r i c a l  

c o n t r o l   means  may  be  such  t h a t   whenever  the  r a t e   of  r o t a t i o n   o f  

the  sa id   o u t p u t   s h a f t   exceeds  one  or  more  f u r t h e r   h i g h e r  

p r e d e t e r m i n e d   va lues   a f t e r   exceed ing   the  f i r s t   s a id   p r e d e t e r m i n e d  

value  the  means  for  c o n t r o l l i n g   the  r a te   of  supply  of  fue l   r e s p o n d s  

t h e r e t o   by  i n c r e a s i n g l y   reducing   the  r a t e   of  supply   of  f u e l .  

The  means  for  c o n t r o l l i n g   the  r a t e   of  supply  of  fuel   may 

inc lude   a  hand  or  foot   o p e r a t e d   member  o p e r a b l e   to  c o n t r o l   the  r a t e  

of  supply   of  fuel   whenever  the  ra te   of  r o t a t i o n   of  the  s a i d  

output   s h a f t   is  below  the  f i r s t   s a id   p r e d e t e r m i n e d   v a l u e .  

P r e f e r a b l y ,   the  means  for  s e n s i n g   r o t a t i o n   of  the  s a i d  

output   s h a f t   and  p roduc ing   in  r esponse   t h e r e t o   a  r e p e t i t i v e   s i g n a l  

is  such  t h a t   the  r e p e t i t i v e   s i g n a l   c o n s i s t s   of  a  s t ream  of  p u l s e s .  

Where  the  r e p e t i t i v e   s i g n a l   is  a  s t r eam  of  p u l s e s ,   t h e  

e l e c t r i c a l   c o n t r o l   means  may  be  such  as  to  produce   a  b i n a r y   s i g n a l  

which  changes  from  one  l eve l   to  the  o the r   l e v e l   in  response   to  t h e  

ra te   of  r o t a t i o n   of  the  sa id   o u t p u t   s h a f t   e x c e e d i n g   the  s a i d  

p r e d e t e r m i n e d   va lue .   The  b ina ry   s i g n a l   can  be  used  to  e f f e c t  

e n e r g i s a t i o n   or  d e - e n e r g i s a t i o n   of  e l e c t r i c a l   means  so  c o u p l i n g  

the  e l e c t r i c a l   c o n t r o l   means  to  the  means  for   c o n t r o l l i n g   the  r a t e  

of  supply  of  fue l   t h a t   a  r e d u c t i o n   in  the  r a t e   of  supply  of  fuel  i s  

e f f e c t e d   by  the  means  for  c o n t r o l l i n g   the  r a t e   of  supply  of  f u e l  

whenever  the  s a i d   e l e c t r i c a l   means  is  e n e r g i s e d ,   or  a l t e r n a t i v e l y  

whenever  the  s a i d   e l e c t r i c a l   means  is  d e - e n e r g i s e d .   The  s a i d  



e l e c t r i c a l   means  may  comprise  a  r e lay   having  a  se t   of  c o n t a c t s  

which  c o n t r o l   the  supp ly ing   of  e l e c t r i c a l   power  to  a  s o l e n o i d  

c o m p r i s i n g   a  pa r t   of  the  means  for  c o n t r o l l i n g   the  ra te   of  supply  o f  

f u e l .  

In  a  p r e f e r r e d   embodiment  in  which  the  s ens ing   means  p r o d u c e s  

a  s t r eam  of  p u l s e s ,   the  e l e c t r i c a l   c o n t r o l   means  i n c l u d e s   an 

a s t a b l e   m u l t i v i b r a t o r   so  coupled  to  the  s e n s i n g   means  as  to  b e  

i n h i b i t e d   for  a  p r e d e t e r m i n e d   i n t e r v a l   at  each  pulse   produced  by  

the  s e n s i n g   means.  Such  coup l ing   may  inc lude   a  s w i t c h i n g   d e v i c e  

a r r a n g e d   to  s h o r t - c i r c u i t   a  t iming  c a p a c i t o r   of  the  a s t a b l e  

m u l t i v i b r a t o r   in  response  to  each  pulse   from  the  s ens ing   means .  

Consequen t ly   i f   the  pulse  r e p e t i t i o n   ra te   exceeds  the  value  a t  

which  the  a s t a b l e   m u l t i v i b r a t o r   is  j u s t   able  to  begin  a  c y c l e  

of  i t s   a s t a b l e   o p e r a t i o n ,   the  a s t a b l e   m u l t i v i b r a t o r   is  i n h i b i t e d ,  

i . e .   locked  in  one  s t a t e .   The  a s t a b l e   m u l t i v i b r a t o r   is  s o  

coup led   to  a  monostable  c i r c u i t   in  the  p r e f e r r e d   embodiment  t h a t  

the  monos tab le   c i r c u i t   is  t r i g g e r e d   to  or  m a i n t a i n e d   in  i t s   s e t  

s t a t e   by  each  occur rence   of  t h a t   p a r t   of  the  cycle  of  ope ra t i on   . o f  

the  a s t a b l e   m u l t i v i b r a t o r   which  occurs  only  when  the  a s t a b l e  

m u l t i v i b r a t o r   is  not  i n h i b i t e d .   Consequent ly   the  m o n o s t a b l e  

c i r c u i t   is  se t   and  remains  s e t   when  the  a s t a b l e   m u l t i v i b r a t o r   i s  

not  pe rmanen t l y   i n h i b i t e d ,   i . e .   when  the  pulse   r e p e t i t i o n   r a t e  

of  the  sens ing   means  is  low  enough  to  allow  at  l e a s t   p a r t   of  a  c y c l e  

of  a s t a b l e   ope ra t i on   of  the  a s t a b l e   m u l t i v i b r a t o r   to  occur  be tween  

the  l e a d i n g   edges  of  each  p a i r   of  s u c c e s s i v e   pu l se s   produced  by  t h e  

s e n s i n g   means.  When  the  pu l se   r e p e t i t i o n   ra te   of  the  s e n s i n g  

means  is  too  high  for  th i s   to  occur ,   the  a s t a b l e   m u l t i v i b r a t o r  

locks  in  a  s t a t e   which  r e s u l t s   in  the  monostable   c i r c u i t   r e t u r n i n g  

to  and  remaining  in  i t s   r e s e t   s t a t e   while  the  m u l t i v i b r a t o r   is  t h u s  

locked .   An  ou tput   s i g n a l   from  the  monostable   c i r c u i t   r e p r e s e n t a t i v e  

of  the  s t a t e   of  tha t   c i r c u i t   is  thus  a  b ina ry   s i g n a l   which  changes  

from  one  l eve l   to  the  o the r   l eve l   in  response   to  the  ra te   o f  

r o t a t i o n   of  the  said  output   s h a f t   exceed ing   the  sa id   p r e d e t e r m i n e d  

value  when  i n c r e a s i n g   from  z e r o .  

In  th i s   p r e f e r r e d   embodiment,  a  f u r t h e r   s w i t c h i n g   device  i s  

p r o v i d e d   for  de t e rmin ing   for  which  one  of  two  p o s s i b l e   values  o f  

the  s a i d   p r e d e t e r m i n e d   i n t e r v a l   the  a s t a b l e   m u l t i v i b r a t o r   i s  

i n h i b i t e d   before   c a r ry ing   out  i t s   a s t a b l e   o p e r a t i o n .   The  f u r t h e r  



s w i t c h i n g   device  may,  for  t h i s   p u r p o s e ,   be  a r r anged   to  s h o r t  

c i r c u i t ,   when  c losed ,   p a r t   of  the  r e s i s t a n c e   in  the  t iming  c i r c u i t r y  

of  the  a s t a b l e   m u l t i v i b r a t o r .   The  f u r t h e r   s w i t c h i n g   device  is  s o  

c o n t r o l l e d   by  the  b ina ry   ou tput   s i g n a l   of  the  monostable   c i r c u i t  

tha t   the  a s t a b l e   m u l t i v i b r a t o r   can  ca r ry   out  i t s   a s t a b l e   o p e r a t i o n  

a f t e r   the  s h o r t e r   of  the  two  i n h i b i t   i n t e r v a l s   whenever  t h e  

monostable   c i r c u i t   is  in  i t s   se t   s t a t e ,   and  vice  versa .   C o n s e q u e n t l y  

the  r a te   of  r o t a t i o n   of  the  sa id   ou tpu t   s h a f t   for  which  t h e  

monostable   c i r c u i t   is  se t   again  a f t e r   be ing   r e s e t   is  a  lower  r a t e  

than  the  ra te   for  which  the  monos tab le   c i r c u i t   is  r e s e t .   T h i s  

d i f f e r e n c e   between  the  r a t e s   p r o v i d e s   h y s t e r e s i s   in  the  c o n t r o l l i n g  

ac t ion   of  the  e l e c t r i c a l   c o n t r o l   means  and  p r e v e n t s   h u n t i n g .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  more 

d e t a i l ,   s o l e l y   by  way  of  example,   with  r e f e r e n c e   to  t h e  

accompanying  d rawings ,   in  w h i c h :  

Fig  1  is  a  g r a p h i c a l   r e p r e s e n t a t i o n   of  engine  speed  a g a i n s t  

fuel   i n p u t ,  

Fig  2  is  a  b lock  diagram  of  p a r t   of  a  power  t a k e - o f f   s y s t e m  

in  an  embodiment  of  the  i n v e n t i o n ,  

Fig  3  is  a  c i r c u i t   diagram  of  e l e c t r i c a l   equipment  f o r m i n g  

p a r t   of  an  embodiment  of  the  i n v e n t i o n ,  

Fig  4  is  a  s e t   of  g r a p h i c a l   r e p r e s e n t a t i o n s   of  waveforms 

found  in  use  in  the  e l e c t r i c a l   equipment   of  Fig  3, 

Fig  5  is  a  s chema t i c   view  of  pneumat i c   c i r c u i t r y   forming  p a r t  

of  an  embodiment  of  the  i n v e n t i o n ,  

Fig  6  is  a  b lock  diagram  of  a  power  t a k e - o f f   system  of  a  

v e h i c l e   embodying  the  i n v e n t i o n ,  

Figs  7.  and  8  are  s chemat ic   views  of  pneumat ic   c i r c u i t r y   f o r  

use  in  two  d i f f e r e n t   embodiments  of  the  i n v e n t i o n ,   and  

Figs  9,  10  and  11  are  s chema t i c   views  of  fuel   flow  c o n t r o l  

equipment   in  th ree   d i f f e r e n t   embodiments  of  the  i n v e n t i o n .  

Fig  6  shows  in  d iagrammat ic   form  a  v e h i c l e   drive  s y s t e m  

i n c l u d i n g   an  i n t e r n a l   combustion  engine  10 .  

The  engine  10  has  a  ou tpu t   s h a f t   11  coupled  to  a  t r a n s m i s s i o n  

un i t   12.  The  t r a n s m i s s i o n   uni t   12  has  an  ou tput   s h a f t   13  c o u p l e d  

to  a  d i f f e r e n t i a l   gear  14  having  a  p a i r   of  ou tpu t   s h a f t s   ( n o t  

shown)  coupled  r e s p e c t i v e l y   to  two  road  wheels  (not  shown)  and  an 

ou tpu t   s h a f t   15  coupled  to  a  power  t a k e - o f f   un i t   16  having  a  power 



t a k e - o f f   un i t   16  having  a  power  t a k e - o f f   ou tpu t   s h a f t   17.  

As  i n d u c t i v e   m e t a l - p r o x i m i t y   sensor   18  is  mounted  close  to  a 

b o l t e d   f lange  19  of  the  power  t a k e - o f f   o u t p u t   s h a f t   17  in  a 

p o s i t i o n   in  which  the  s enso r   18  produces   a  s t ream  of  e l e c t r i c  

p u l s e s   whenever  the  f lange  19  r o t a t e s   in  e i t h e r   d i r e c t i o n ,   t h e  

s enso r   18  being  a r r anged   to  respond  to  the  e q u i a n g u l a r l y   s p a c e d  

b o l t   heads  on  the  f lange  19.  The  r e p e t i t i o n   ra te   of  the  pu l ses   i s  

c o n s e q u e n t l y   d i r e c t l y   p r o p o r t i o n a l   to  the  ra te   of  r o t a t i o n   of  t h e  

f lange   19.  The  pu l s e s   g e n e r a t e d   by  the  s enso r   18  in  response  t o  

r o t a t i o n   of  the  f lange  19  are  s u p p l i e d   to  an  e l e c t r o n i c   c o n t r o l  

un i t   20 .  

The  con t ro l   un i t   20  c o n t r o l s   a  con t ro l   s o l e n o i d   of  an 

e l e c t r o m e c h a n i c a l   a c t u a t o r   a r rangement   21  which  acts  upon  a  f u e l  

flow  c o n t r o l   22  c o n t r o l l i n g   the  flow  of  fuel   to  the  engine  10 

from  a  fuel   source  23.  

The  con t ro l   un i t   20  and  the  e l e c t r o - m e c h a n i c a l   a c t u a t o r  

a r r angemen t   21  are  r e p r e s e n t e d   in  Fig  2  which  shows  the  con t ro l   u n i t  

20  c o n s i s t i n g   of  an  i npu t   s tage   24,  a  ra te   switch  25  and  an  o u t p u t  

s tage   26,  and  the  a c t u a t o r   a r rangement   21  c o n s i s t i n g   of  a  p n e u m a t i c  

c o n t r o l   27  and  a  c o n t r o l   valve  28.  In  o p e r a t i o n ,   pu l ses   p r o d u c e d  

at  a  t e rmina l   A  by  the  s enso r   18  are  shaped  by  the  input   stage  24 

to  p r o v i d e d   square  pu l se s   at  a  t e rmina l   B.  The  ra te   switch  25 

responds   to  the  pu l s e s   at  B  by  p r o v i d i n g   a  b ina ry   "on"  or  " o f f "  

s i g n a l   at  a  t e rmina l   E ' .   The  ou tpu t   s tage  26  responds  to  an  "on" 

s i g n a l   at  the  t e r m i n a l   E'  by  e n e r g i s i n g   a  c o n t r o l   so l eno id   i n  

the  pneumat ic   c o n t r o l   27  in  the  a c t u a t o r   a r r angement   21.  

E n e r g i s a t i o n   of  t h i s   s o l e n o i d   causes  a i r   to  be  passed   through  t h e  

pneumati-c  con t ro l   27  and  thence  through  the  c o n t r o l   valve  28  t o  

the  fuel   flow  con t ro l   22.  The  supply  of  a i r   to  the  fuel  flow  c o n t r o l  

22  causes  the  flow  of  fuel   to  the  engine  10  to  be  reduced  to  a 

p r e d e t e r m i n e d   l i m i t .   The  output   s tage  26  responds  to  an  " o f f "  

s i g n a l   at  the  t e rmina l   E'  by  ho ld ing   the  con t ro l   s o l e n o i d   of  t he  

a c t u a t o r   a r rangement   21  in  a  d e - e n e r g i s e d   s t a t e   so  that   no  a i r  

pas ses   to  the  fuel   flow  c o n t r o l   22,  and  the  flow  of  fuel  to  t h e  

engine  10  from  the  source  23  is  not  r e s t r i c t e d   to  the  p r e d e t e r m i n e d  

l i m i t .  

Fig  3  shows  the  c i r c u i t r y   of  the  c o n t r o l   un i t   20. 

In  Fig  3,  a  p o s i t i v e   vo l tage   l ine   29  is  coupled  through  a 



r e s i s t o r   R15  and  a  diode  D7  to  a  p o s i t i v e   r a i l   30  on  which  a  

p o s i t i v e   vo l t age   Vcc  of  12  vo l t s   is  thus  e s t a b l i s h e d .   The  diode  D7 

p r o t e c t s   the  c i r c u i t r y   from  a c c i d e n t a l   r e v e r s e   connec t ion   of  t h e  

v e h i c l e   b a t t e r y   (not  shown),  and  p r e v e n t s   a  c a p a c i t o r   C6  c o n n e c t e d  

between  the  p o s i t i v e   r a i l   30  and  a  ground  r a i l   31  from  d i s c h a r g i n g  

during  t r a n s i e n t s   in  the  vo l tage   on  the  l ine   29.  The  c a p a c i t o r   C6 

and  a  Zener  diode  ZX1  in  p a r a l l e l   t h e r e w i t h   ensure   t h a t   t h e  

vo l t age   V  c c  i s   s t e a d y .  

The  sensor   18  has  one  ou tput   t e r m i n a l   connected   to  the  g round  

r a i l   31  and  a n o t h e r   ou tpu t   t e r m i n a l   which  is  the  t e rmina l   A 

connected   to  the  i npu t   t e rmina l   of  the  i n p u t   s tage   24  which  is  a  

pulse  shaping  c i r c u i t   connec ted   between  the  r a i l s   30  and  31  and  

having   as  i t s   ou tpu t   t e r m i n a l   the  t e rmina l   B.  The  sensor   18 

t o g e t h e r   with  the  i npu t   s tage  24  serve  as  means  which  sense  r o t a t i o n  

of  the  s h a f t   17  and  produce  in  response   t h e r e t o   a  r e p e t i t i v e   s i g n a l  

in  which  the  r e p e a t e d   e lement   is  i n v e r s e l y   r e l a t e d   to  the  ra te   o f  

r o t a t i o n   of  the  s h a f t   17 .  

The  shaping   c i r c u i t   i n c ludes   an  o p e r a t i o n a l   a m p l i f i e r   I C l  

having  i t s   n o n - i n v e r t   inpu t   t e rmina l   b i a s e d   to  a  vo l t age  ½   Vcc 

by  connec t ion   to  the  connec ted   ends  of  two  equal   r e s i s t o r s   R2  a n d  

R3  connec ted   i n  s e r i e s   between  the  r a i l s   30  and  31.  The  i n v e r t   i n p u t  

t e rmina l   of  the  a m p l i f i e r   ICl  r e c e i v e s   p o s i t i v e   vo l tage   at  t h e  

anode  o f   a  diode  Dl  hav ing   i t s   cathode  connec t ed   to  the  t e r m i n a l   A 

of  the  sensor   18  s ince   a  r e s i s t o r   R1  couples   the  i n v e r t   t e r m i n a l  

to  the  p o s i t i v e   r a i l  3 0 .   The  ou tpu t   t e r m i n a l   of  the  a m p l i f i e r   I C l  

is  the  ou tput   t e rmina l   B. 

The  t e r m i n a l   B  is  coupled  to  the  ground  r a i l   31  by  a  

d i f f e r e n t i a t i n g   c i r c u i t   i n c l u d i n g   a  c a p a c i t o r   Cl,  a  r e s i s t o r   R4 

and  the  b a s e - e m i t t e r   j u n c t i o n   of  an  NPN  s w i t c h i n g   t r a n s i s t o r   TRl 

with  th i s   j u n c t i o n   connec ted   in  p a r a l l e l   with  a  r e s i s t o r   R5  to  t h e  

ground  r a i l  3 1   and  i t s   c o l l e c t o r   connec ted   to  a  common  p o i n t   C 

in  the  t iming  c i r c u i t r y   of  an  a s t a b l e   m u l t i v i b r a t o r   c i r c u i t   w h i c h  

w i l l   now  be  d e s c r i b e d .  

At  th is   common  po in t   C,  r e s i s t o r   R8  and  a  t iming  c a p a c i t o r  

C2  are  connec ted   t o g e t h e r ,   the  c a p a c i t o r   C2  coupl ing   the  p o i n t   C 

to  the  ground  r a i l  3 1   and  the  p o i n t   C  being  coupled  to  the  p o s i t i v e  

r a i l   30  by  three   f i xed   t iming  r e s i s t o r s   R6,  R7  and  R8  and  two 

v a r i a b l e   t iming  r e s i s t o r s   VR1  and  VR2  connec ted   in  s e r i e s   as  shown. 



The  v a r i a b l e   r e s i s t o r   VRl  and  the  f ixed   r e s i s t o r   R6  can  be  s h o r t  

c i r c u i t e d   by  a  PNP  swi t ch ing   t r a n s i s t o r   TR2  the  base  of  which  

is  connected   to  r e c e i v e   c o n t r o l l i n g   c u r r e n t   from  r e s p e c t i v e  
connected   ends  of  two  c o l l e c t o r   load  r e s i s t o r s   R12  and  R13  c o n n e c t e d  

in  s e r i e s   between  the  p o s i t i v e   r a i l   30  and  the  anode  of  a  diode  D4 

which  p r o t e c t s   the  b a s e - e m i t t e r   j u n c t i o n   of  the  t r a n s i s t o r   TR2 

a g a i n s t   r e v e r s e   p o l a r i t y   v o l t a g e .   An  i n t e g r a t e d   c i r c u i t   IC2  h a v i n g  

pins  1  to  8  has  i t s   pins  2  and  6  connec ted   to  the  po in t   C,  i t s   p i n  
7  connected   to  the  connected  ends  of  the  r e s i s t o r s   R7  and  R8,  i t s   p i n  

1  connected   to  the  ground  r a i l   31,  i t s   pins  4  and  8  connec ted   to  t h e  

p o s i t i v e   r a i l   30,  i t s   pin  5  coupled  by  a  c a p a c i t o r   C3  to  the  g round  

r a i l   31,  and  i t s   pin  3  connected   to  a  t e r m i n a l   D.  The  i n t e g r a t e d  

c i r c u i t   IC2  is  a  S i g n e t i c s   NE/SE555  t imer   and  acts  as  an  a s t a b l e  

m u l t i v i b r a t o r   whose  c h a r a c t e r i s t i c   o p e r a t i n g   time  is  de te rmined   by 

the  time  c o n s t a n t   e s t a b l i s h e d   by  the  f i xed   r e s i s t o r s   R6,  R7  and  R8, 

the  c a p a c i t o r   C2,  the  v a r i a b l e   r e s i s t o r s   VRl  and  VR2,  and  t h e  

t r a n s i s t o r   TR2.  The  i n t e g r a t e d   c i r c u i t   IC2  o p e r a t e s   such  t h a t   t h e  

pin  3  is  i t s   o u t p u t   t e r m i n a l .  

Fig  4  shows  the  vo l tage   waveforms  which  appear  at  the  t e r m i n a l s  

and  p o i n t s   A,  B,  C  and D,  and  a  f u r t h e r   p o i n t   E  in  Fig  3  under  two 

d i f f e r e n t   c o n d i t i o n s .  

In  o p e r a t i o n ,   the  a m p l i f i e r   IC1  a m p l i f i e s   the  pulses   in  t h e  

waveform  at  A  to  p rov ide   square  p u l s e s   in  the  waveform  at  B.  The 

c i r c u i t r y   coupl ing   the  po in t   B  to  the  p o i n t   C  acts  as  f o l l o w s .  

Assuming  t h a t   the  c a p a c i t o r   Cl  is  in  a  d i s c h a r g e d   c o n d i t i o n  

immedia te ly   be fo re   a  p o s i t i v e   pu lse   occurs   at  B,  the  pulse  at  B 

causes  the  vo l t age   Vcc  to  be  a p p l i e d   across   the  r e s i s t o r s   R4  and  

R5  with  the  r e s u l t   t h a t   the  t r a n s i s t o r   TRl  is  b i a sed   in to   i t s   on 

s t a t e   and  the  c a p a c i t o r   C2  is  r a p i d l y   d i s c h a r g e d   through  t h e  

t r a n s i s t o r   TRl  and  remains  with  zero  v o l t s   across   i t   u n t i l   t h e  

t r a n s i s t o r   TRl  turns   off .   The  c a p a c i t o r   Cl  charges  r a p i d l y  

through  the  r e s i s t o r   R4  and  the  b a s e - e m i t t e r   junc t ion   of  t h e  

t r a n s i s t o r   TR1  so  t h a t   the  vo l t age   at  the  base  of  the  t r a n s i s t o r  

TRl  qu i ck ly   f a l l s   and  the  t r a n s i s t o r   TRl  tu rns   off .   The  v o l t a g e  

at  C  then  beg ins   to  r i se   as  the  c a p a c i t o r   C2  charges  through  t h e  

r e s i s t o r s   R7,  R8  and  VR2  and  the  t r a n s i s t o r   TR2  or  the  r e s i s t o r s  

R6  and  VR1. 



A  diode  D2  p r o t e c t s   the  b a s e - e m i t t e r   j unc t ion   of  t h e  

t r a n s i s t o r   TR1  a g a i n s t   damaging  l e v e l s   of  r eve r se   b ias   at  t h e  

occu r r ence   of  the  t r a i l i n g   edges  of  the  pu l s e s   at  B. 

If  the  v o l t a g e  a t   C  has  s u f f i c i e n t   time  to  reach  2/3  V cc  t h e  

i n t e g r a t e d   c i r c u i t   IC2  beg ins   to  o p e r a t e   as  an  a s t a b l e   m u l t i v i b r a t o r  

d i s c h a r g i n g   the  c a p a c i t o r   C2  i n t e r n a l l y   from  2/3  Vcc  to  a  v o l t a g e  

1/3  V cc  w i t h i n   a  s h o r t e r   t ime.  The  vo l t age   at  pin  2  and  hence  a t  

C  would  r i s e   to  the  vo l t age   2/3  Vcc  and  f a l l   again  to  1/3  Vcc 
r e p e a t e d l y   e x c e p t   for  the  o c c u r r e n c e   of  a  succeed ing   pu lse   at  B 

which  d i s c h a r g e s   the  c a p a c i t o r   C2  to  zero.   During  the  a s t a b l e  

phase  of  d i s c h a r g e   of  the  c a p a c i t o r   C2  from  2/3  V  c c  t o   1/3  V  
c c  

the  vo l t age   at  pin  3  and  hence  at   D  is  s u b s t a n t i a l l y   z e r o  

v o l t s .  

If  the  power  t a k e - o f f   un i t   16  is  not  o p e r a t i n g ,   no  p u l s e s  

occur  at  B,  and  the  i n t e g r a t e d   c i r c u i t   IC2  with  i t s   t i m i n g  

c i r c u i t r y   o p e r a t e s   as  an  a s t a b l e   m u l t i v i b r a t o r   c o n t i n u o u s l y .  

In  the  ou tpu t   s tage   26,  an  NPN  s w i t c h i n g   t r a n s i s t o r   TR3 

has  i t s   base  connec ted   to  the  p o i n t   E'  and  is  a s s o c i a t e d   with  a  

re lay   RL1  which  has  two  s e t s   of  n o r m a l l y - c l o s e d   c o n t a c t s   RL1-1 

and  RL1-2  each  having  a  f ixed   c o n t a c t   connec ted   to  the  24  v o l t  

p o s i t i v e   v o l t a g e   l ine   29  and  r e s p e c t i v e   movable  c o n t a c t s .   The 

movable  c o n t a c t   of  the  s e t   RL-1  is   connec ted   to  a  l i g h t   e m i t t i n g  

diode  LED1  with  a  p r o t e c t i v e   r e s i s t o r   R14  in  s e r i e s   t h e r e w i t h ,  

the  cathode  of  the  diode  LEDI  be ing   connected   to  the  ground  r a i l   31. 

The  movable  c o n t a c t   of  the  s e t   RL-2  is  connected   to  the  s o l e n o i d  

32  of  an  e l e c t r o - p n e u m a t i c   v a l v e ,   which  in  th i s   example  c o n s t i t u t e s  

the  pneumat ic   c o n t r o l   27,  so  t h a t   the  s o l e n o i d   is  connected   b e t w e e n  

the-movable   c o n t a c t   of  the  se t   RLl-2  and  the  ground  r a i l   31.  A 

p r o t e c t i v e   diode  D6  is  connec ted   in  p a r a l l e l   with  the  s o l e n o i d   o f  

the  va lve ,   and  a  p r o t e c t i v e   diode  D5  is  connected   in  p a r a l l e l   w i t h  

the  winding   of  the  r e l ay   RL1  which  has  one  end  t h e r e o f   c o n n e c t e d  

to  the  24  v o l t   p o s i t i v e   l ine   29  and  the  o ther   end  t h e r e o f   c o n n e c t e d  

to  the  c o l l e c t o r   of  the  t r a n s i s t o r   TR3,  the  e m i t t e r   of  which  i s  

connec ted   to  the  ground  r a i l   31.  A  zener  diode  ZX2  in  p a r a l l e l  

with  the  t r a n s i s t o r   TR3  is  normal ly   not  conduct ing   and  serves   t o  

p r o t e c t   the  t r a n s i s t o r   TR3  from  e x c e s s i v e   vol tage   which  may  o c c u r  

on  the  p o s i t i v e   l ine   29.  



The  r e l a y   RL1  is  e n e r g i s e d   when  the  t r a n s i s t o r   TR3  is  on,  and 

is  in  i t s   d e - e n e r g i s e d   s t a t e   when  the  t r a n s i s t o r   TR3  is  o f f .   The 

movable  c o n t a c t s   of  the  se ts   RLl-1  and  RLl-2  r e s t   in  c o n t a c t   w i t h  

t h e i r   f i xed   c o n t a c t s   whenever  the  r e l ay   RL1  is  in  i t s   d e - e n e r g i s e d  

s t a t e ,   and  are  he ld   away  from  t h e i r   f ixed   c o n t a c t s   whenever  t h e  

r e l ay   RLl  is  in  i t s   e n e r g i s e d   s t a t e .  

I t   w i l l   be  seen  tha t   two  time  c o n s t a n t s   are  a s s o c i a t e d   with  t he  

c a p a c i t o r   C2,  one  s e r v i n g   when  the  t r a n s i s t o r   TR2  is  o f f ,   and  

a n o t h e r   s e r v i n g   when  the  t r a n s i s t o r   TR2  is  on.  These  time  c o n s t a n t s  

are  s e l e c t e d   a u t o m a t i c a l l y   in  accordance   with  the  s t a t e   of  t h e  

r e l a y   RLl,  the  t r a n s i s t o r   TR2  be ing   on  when  the  t r a n s i s t o r   TR3  i s  

on,  and  the  t r a n s i s t o r   TR2  be ing   of f   when  the  t r a n s i s t o r   TR3  i s  

o f f .  

The  ou tpu t   pin  3  of  the  i n t e g r a t e d   c i r c u i t   IC2  i s  

connec ted   at  the  p o i n t   D  to  the  i npu t   pin  2  of  a  f u r t h e r   i n t e g r a t e d  

c i r c u i t   IC3  which  is  also  a  S i g n e t i c s   Timer  NE/SE555  bu t   is  c o n n e c t e d  

between  the  r a i l s   30  and  31  to  o p e r a t e   as  a  monostable   c i r c u i t ,   i t s  

p ins   6  and  7  be ing   connected  t o g e t h e r   at  a  po in t   which  is  coupled  by 

a  r e s i s t o r   R9  to  the  p o s i t i v e   r a i l   30  and  by  a  c a p a c i t o r   C4  t o  

the  ground  r a i l   31,  the  r e s i s t o r   R9  and  the  c a p a c i t o r   C4  d e t e r m i n i n g  

the  time  c o n s t a n t   of  th is   monostable   c i r c u i t .   Di rec t   c o n n e c t i o n s  

to  the  r a i l s   30  and  31  are  p r o v i d e d   for  the  IC3  as  for  IC2  at  the  

pins   1 ,  4   and  8,  and  the  pin  5  is  again  coupled  to  the  ground  r a i l  

31  by  a  c a p a c i t o r   C5.  The  pins  6  and  7  are  also  connec ted   t o  t h e  

anode  of  a  diode  D3  which  couples   these  pins  to  the  p o i n t   D  so   t h a t  

the  c a p a c i t o r   C4  can  be  d i s c h a r g e d   to  the  ou tpu t   pin  3  of  IC2  when 

t h i s   pin  3  is  at  s u b s t a n t i a l l y   zero  v o l t s .  

The  o u t p u t   pin  3  of  the  i n t e g r a t e d   c i r c u i t   IC3  is  c o n n e c t e d  

at  a  p o i n t   E  to  two  r e s i s t o r s   RIO  and  Rll  in  s e r i e s   which  couple  the  

p o i n t   E  to  the  ground  r a i l   31.  The  connected   ends  of  the  r e s i s t o r s  

R10  and  Rll  are  connected   at  the  p o i n t   E'  to  the  base  of  t h e  

t r a n s i s t o r   TR3  so  t h a t   an  a t t e n u a t e d   ve r s ion   of  the  waveform 

a p p e a r i n g   in  o p e r a t i o n   at  E  c o n t r o l s   the  t r a n s i s t o r   TR3. 

When  the  power  t a k e - o f f   ou tpu t   s h a f t   17  is  r o t a t i n g   at  l e s s  

than  a  r e f e r e n c e   ra te   de te rmined   by  the  s t a t e   of  the  t r a n s i s t o r   TR2, 

the  time  between  s u c c e s s i v e   l e ad ing   edges  of  the  pu l s e s   at  B  i s  

s u f f i c i e n t l y   long  for  the  vo l t age   at  C  to  reach  2/3  Vcc  from  z e r o  

v o l t s .   Consequen t ly   the  i n t e g r a t e d   c i r c u i t   IC2  o p e r a t e s   for  a 



s h o r t   t i m e  a s   an  a s t e b l e   m u l t i v i b r a t o r   so  t ha t   the  vo l tage   at  C 

tends  to  o s c i l l a t e   between  2/3  V  cc  and   1/3  V  cc  and  the  vo l t age   a t  

D  is  swi tched   to  zero  for  a  s h o r t   time  s t a r t i n g   at  the  time  at  w h i c h  

the  vo l t age   at  C  reaches   2/3  V  .   The  time  taken  for  the  vo l tage   a t  

C  to  reach  2/3  Vcc  from  zero,   i . e .   the  SET  TIME  i l l u s t r a t e d   i n  

F ig -4 ,   has  e i t h e r   one  of  two  va lues   depending  upon  whether   t h e  

t r a n s i s t o r   TR2  is  on  or  o f f .   When  the  r e l a y   RL1  is  in  i t s  

e n e r g i s e d   s t a t e   the  s o l e n o i d   32  is  not  e n e r g i s e d ,   the  t r a n s i s t o r   TR2 

is  on,  and  the  r e s u l t a n t   SET  TIME  is  t h a t   for  a  r e f e r e n c e   ra te   o f  

x  r . p .m .   The  SET  TIME  can  be  r e g a r d e d   as  an  i n h i b i t   i n t e r v a l   f o r  

the  as  table   m u l t i v i b r a t o r .  

The  time  c o n s t a n t   of  the  monos tab le   c i r c u i t   of  IC3  is  d e t e r m i n e d  

by  the  time  taken  by  the  c a p a c i t o r   C4  to  charge  from  zero  t o  

2/3  Vcc  v o l t s ,   the  monostable   c i r c u i t   be ing   r e s e t   by  the  vo l tage   a t  

the  pins  6  and  7  of  IC3  r e a c h i n g   2/3  Vcc  v o l t s .   The  c a p a c i t o r   C4 

i s ,   however,   d i s c h a r g e d   to  zero  through  the  diode  D3  each  t ime  

the  v o l t a g e   at  D  is  at  s u b s t a n t i a l l y   ze ro ,   i . e .   whenever  the  o u t p u t  

v o l t a g e   in  the  a s t a b l e   o p e r a t i o n   of  IC2  reaches   s u b s t a n t i a l l y  

zero.   I t   is  a r r anged   t h a t   the  time  for  the  c a p a c i t o r   C4  to  c h a r g e  

from  zero  to  2/3  V  c c  i s   g r e a t e r   than  the  time  between  l ead ing   e d g e s  

of  s u c c e s s i v e   p u l s e s   at  B  when  the  power  t a k e - o f f   ou tput   s h a f t   17 

is  r o t a t i n g   at  the  minimum  value  of  x  r . p .m .   t h a t   the  v a r i a b l e  

r e s i s t o r s   VRl  and  VR2  w i l l   a l low,   i . e .   g r e a t e r   than  the  l o n g e s t  

SET  TIME.  However  s lowly  the  o u t p u t   s h a f t   17  r o t a t e s   under  t h e  

r e f e r e n c e   r a t e ,   the  v o l t a g e   at  D  swi t ches   between  Vcc  and  z e r o  

s u f f i c i e n t l y   f r e q u e n t l y   to  p r e v e n t   the  v o l t a g e   at  pins  6  and  7  o f  

IC3  r e a c h i n g   2/3  V  .   Consequen t ly ,   the  v o l t a g e   at  E  remains  h i g h  

at   a lmost   Vcc  as  i l l u s t r a t e d   at  (a)  in  Fig  4,  i . e .   the  m o n o s t a b l e  

c i r c u i t   with  IC3  is  he ld   in  i t s   s e t   s t a t e   whi le   the  ou tpu t   s h a f t  

17  is  r o t a t i n g   at  less   than  the  r e f e r e n c e   r a t e .  

If   the  r a te   of  r o t a t i o n   of  the  power  t a k e - o f f   ou tpu t   s h a f t  

17  is  now  i n c r e a s e d   u n t i l   i t   exceeds   x  r .p .m.  ,   the  e v e n t s  

i l l u s t r a t e d   at  (b)  in  Fig  4  take  p l a c e .   The  time  between  t h e  

l e a d i n g   edges  of  s u c c e s s i v e   p u l s e s   at  B  is  l ess   than  before   to  t he  

e x t e n t   t h a t   the  vo l t age   at  C  no  l onge r   r eaches   2/3  Vcc  b e f o r e  

dropping   back  to  zero  as  a  r e s u l t   of  the  s w i t c h i n g   on  of  t h e  

t r a n s i s t o r   TRI.  C o n s e q u e n t l y ,   the  v o l t a g e . a t   D  remains  at  a l m o s t  

Vcc  i . e .   the  a s t a b l e   m u l t i v i b r a t o r   is  i n h i b i t e d ,   be ing   locked  i n  



one  s t a t e .   As  a  r e s u l t ,   the  vo l tage   at  the  p ins   6  and  7  of  IC3 

ramps  up  to  2/3  V  ,   whereupon  the  c a p a c i t o r   C4  is  d i s cha rged   t o  

zero  by  an  i n t e r n a l   c i r c u i t   of  the  i n t e g r a t e d   c i r c u i t   IC3,  i . e .  

the  monostable   c i r c u i t   of  IC3  r e s e t s .   The  c a p a c i t o r   C4  is  h e l d  

d i s c h a r g e d   u n t i l   the  v o l t a g e   at   D  drops  to  zero  again ,   which  i t  

does  not  do  u n t i l   the  ra te   of  r o t a t i o n   f a l l s   below  a  d i f f e r e n t  

r e f e r e n c e   ra te   of  y  r . p .m .   Thus  as  the  ra te   of  r o t a t i o n   of  t h e  

output   s h a f t   i n c r e a s e s   through  x  r .p .m.   the  vo l t age   at  E,  with  a 

s l i g h t   delay,   drops  from  Vcc  to  zero,  the  t r a n s i s t o r   TR3  is  s w i t c h e d  

o f f ,   the  re lay   RL1  d e - e n e r g i s e s ,   and  the  s o l e n o i d   32  of  t h e  

e l e c t r o - p n e u m a t i c   valve  is  e n e r g i s e d .  

When  the  ra te   of  r o t a t i o n   is  be ing  d e c r e a s e d ,   but   is  above 

the  r e f e r e n c e   ra te   of  y  r . p . m . ,   the  vo l t age   at  the  pins  6  and  7 

of  IC3  and  at  E  is  zero,   the  vo l tage   at  D  is  Vcc,  and  the  v o l t a g e  

at  C  is  below  2/3  Vcc.  The  cha rg ing   time  for  the  c a p a c i t o r   C2  i s  

now  de te rmined   by  the  r e s i s t o r s   VRl,  R6,  VR2,  R7  and  R8,  t h e  

t r a n s i s t o r   TR2  being  off .   The  change  from  the  s h o r t e r   c h a r g i n g  

time  when  the  t r a n s i s t o r   TR2  is  on  to  th i s   longer   charg ing   time  w i t h  

the  t r a n s i s t o r   TR2  off   can  be  seen  in  waveform  C  i n  p a r t   (b) 

of  Fig  4  at  a  time  Tco  when  the  vo l tage   at  E  swi tches   from  Vcc 
to  zero,   the reby   s w i t c h i n g   o f f   the  t r a n s i s t o r   TR3.  I t   w i l l   b e  

r e a l i s e d   tha t   the  longer   cha rg ing   time  for  the  c a p a c i t o r   C2  d e t e r m i n e s  

the  value  of  y  r . p . m . ,   in  the  same  way  t h a t   the  value  of  x  r . p . m .  

is  de te rmined   by  the  cha rg ing   time  for  C2  when  TR2  is  on.  When 

the  ra te   of  r o t a t i o n   has  f a l l e n   to  y  r .p .m.   the  vo l tage   at  C  can 

reach  2/3  V cc  and  the  v o l t a g e   at  D  swi tches   to  zero,   t h e r e b y  

unclamping  the  v o l t a g e s   at  the  pins  6  and  7  of  IC3  and  sw i t ch ing   E 

to  Vcc,  so  t ha t   the  t r a n s i s t o r s   TR3  and  TR2  switch  on,  the  r e l a y  

RLl  is  e n e r g i s e d ,   and  the  s o l e n o i d   32  of  the  e l e c t r o - p n e u m a t i c   v a l v e  

is  d e - e n e r g i s e d .   The  r a te   y  r .p .m.   is  lower  than  the  rate   x  r . p . m .  
This  d i f f e r e n c e   between  the  r a t e s   p rov ides   h y s t e r e s i s   in  t he  

c o n t r o l l i n g   ac t ion   of  the  e l e c t r o n i c   con t ro l   un i t   20  and  p r e v e n t s  

hun t ing ,   the  b ina ry   s i g n a l   which  is  the  monostable   output   v o l t a g e  

at  E  s w i t c h i n g   from  V cc  to  zero  at  x  r .p .m.   whenever  the  rate  r i s e s  

from  below  y  r .p .m.   to  above  x  r .p .m.   and  s w i t c h i n g   from  zero  t o  

Vcc  at  y  r .p .m.   whenever  the  ra te   f a l l s   from  above  x  r .p .m.  t o  

below  y  r . p . m .  



Comparing  Figs  2 and  3  i t   w i l l  b e   seen  tha t   the  r a t e  

switch  25  is  c o n s t i t u t e d   by  the  combinat ion   of  the  c i r c u i t r y  

coup l ing   the  p o i n t   B  to  the  p o i n t   C,  the  a s t a b l e   m u l t i v i b r a t o r  

c i r c u i t   of  IC2,  and  the  monos tab le   c i r c u i t   of  IC3,  and  t h a t  

the  o u t p u t   s i g n a l   of  the  r a te   swi tch   25  i s   an  a t t e n u a t e d   form  o f  

the  b i n a r y   s i g n a l   produced  by  the  monostable   c i r c u i t   of  IC3  a t  

the  p o i n t   E,  the  po in t   E'  be ing   connected   to  the  connected   ends  o f  

the  s e r i e s   r e s i s t o r s   R10  and  Rll  which  couple  the  po in t   E  to  t h e  

ground  r a i l   31.  

In  the  ou tpu t   s tage   26  of  Fig  3,  the  re lay   RL1  has  i t s  

c o n t a c t   s e t s   RL1-1  and  RLl-2  c losed   when  the  ra te   switch  o u t p u t  

s i g n a l   at  E'  is  l o w ,  i n d i c a t i n g   t h a t   the  power  output   s h a f t   17  i s  

r o t a t i n g   at  a  ra te   h i g h e r   than  r e q u i r e d .   An  a l t e r n a t i v e   example  can  

e a s i l y   be  c o n s t r u c t e d   in  which  the  re lay   con t ac t s   are  open  when 

the  o u t p u t   s h a f t   17  is  r o t a t i n g   at  a  ra te   g r e a t e r   than  a  r e f e r e n c e  

ra te   by  r e p l a c i n g   the  r e l ay   RL1  with  one  of  the  type  which  has  i t s  

c o n t a c t s   open  when  the  r e l a y   co i l   is  not  e n e r g i s e d ,   and  c losed   when 

the  c o i l   is  e n e r g i s e d .   If   the  e l e c t r o - m e c h a n i c a l   a c t u a t o r   a r r a n g e m e n t  

21  and  the  fuel   flow  c o n t r o l   22  are  in  such  a  case  a r r anged   t o  

i n c r e a s e   the  f l o w  o f   fuel  to  the  engine  10 when  the  s o l e n o i d   32  i s  

e n e r g i s e d ,   the  system  of  Fig  6  o p e r a t e s   to  ensure  t ha t   the  r a t e  

of  r o t a t i o n   of  the  power  t a k e - o f f   ou tput   s h a f t   17  does  not  f a l l  

below  a  p r e d e t e r m i n e d   r a t e .   In  th i s   case,   the  s o l e n o i d   32  i s  

e n e r g i s e d   whenever  the  r e l ay   RL1  is  e n e r g i s e d ,   and  the  s o l e n o i d   32 

is  d e - e n e r g i s e d   whenever  the  r e l a y   RL1  is  d e - e n e r g i s e d .   C o n s e q u e n t l y ,  

when  e l e c t r i c   power  is  f i r s t   s u p p l i e d   to  the  thus  modi f ied   c i r c u i t  

of  Fig  3,  the  flow  of  fuel   tc  the  engine  10  is  i n c r e a s e d   by  t h e  

o p e r a t i o n   of  the  s o l e n o i d   32  u n t i l   the  ra te   of  r o t a t i o n   of  t h e  

s h a f t   17  r eaches   x  r .p .m.   t h e   s o l e n o i d   32  is  d e - e n e r g i s e d  

and  the  flow  of  fuel  may  remain  at  the  p r e v a i l i n g   l eve l   or  d e c r e a s e  

under  the  a c t i o n   of,  for  example,   a  r e tu rn   sp r i ng   (not  shown) ,  

a c t i n g   on  the  armature  (not  shown)  of  the  s o l e n o i d   or  on  some 

o the r   e l emen t   in  the  e l e c t r o - m e c h a n i c a l   a r rangement   a c t i n g   on  the  f u e l  

flow  c o n t r o l   22.  When  the  ra te   d e c r e a s e s ,   for  whatever   r e a s o n ,  

from  x  r . p . m . ,   and  reach  y  r . p . m . ,   the  s o l e n o i d   32  w i l l   again  b e  

e n e r g i s e d   and  the  flow  of  fue l   w i l l   be  i n c r e a s e d   so  t h a t   r a t e   o f  

r o t a t i o n   of  the  s h a f t   17  tends  to  r i se   to  x  r .p .m.   Thus  the  r a t e  



of  r o t a t i o n   of  power  t a k e - o f f   ou tpu t   s h a f t   17  can  be  s o  

c o n t r o l l e d ,   f u l l y   a u t o m a t i c a l l y ,   as  to  i n c r e a s e   from  zero  a t  

s t a r t i n g   to  reach  x  r . p .m.   and  to  remain  between  the  two  l i m i t s  

x  r .p .m.   and  y  r .p .m.   for  as  long  as  the  power  t a k e - o f f   system  i s  

o p e r a t i n g   with  the  modi f i ed   c i r c u i t   of  Fig  3.  To  stop  the  r o t a t i o n  

of  the  s h a f t   17,  the  e l e c t r i c a l   supply  to  the  modi f ied   c i r c u i t   o f  

Fig  3  is  s w i t c h e d   off   and  the  a fo r emen t ioned   r e tu rn   sp r ing   ( n o t  

shown)  or  an  e q u i v a l e n t   means  dec reases   the  flow  of  fuel   to  z e r o .  

When  the  appa ra tu s   has  a  con t ro l   un i t   20  as  f i r s t  

d e s c r i b e d   with  r e f e r e n c e   to  Fig  3,  i . e .   with  the  re lay   RLl  h a v i n g  

normal ly   c l o sed   c o n t a c t   se t s   RLl  and  RL2,  a  degree  of  m e c h a n i c a l  

c o n t r o l ,   which  may  be  e x e r c i s e d   through  a  hand  or  foot   o p e r a t e d  

c o n t r o l   member,  is  r e t a i n e d   in  t ha t   the  ra te   of  r o t a t i o n   of  t h e  

s h a f t   17  is  m e c h a n i c a l l y   c o n t r o l l e d   d i r e c t l y   by  the  user  at  r a t e s  

below  x  r .p .m.   when  the  ra te   is  being  va r i ed   from  below  y  r . p . m .  
Such  mechan i ca l   c o n t r o l ,   or  o the r   con t ro l   i ndependen t   o f  

r o t a t i o n   of  the  power  t a k e - o f f   s h a f t   is  normal ly   n e c e s s a r y   where  

the  engine   which  d r ives   the  power  t a k e - o f f   s h a f t   is  also  the  e n g i n e  

which  d r ive s   the  d r iven   road  wheels  of  the  v e h i c l e ,   as  in  t h e  

example  of  Fig  6 .  

Fig  5  shows  one  example  of  the  pneumat ic   c o n t r o l   27  in  t h e  

form  of  an  e l e c t r o - p n e u m a t i c   va lve ,   i n c o r p o r a t i n g   the  s o l e n o i d  

32  (not  shown  in  Fig  5)  as  i t s   e l e c t r i c a l   a c t u a t i n g   means,  t o g e t h e r  

with  a  p r e s s u r e   r e g u l a t o r   33  connected  to  r ece ive   a i r   from  t h e  

ou tpu t   p o r t   0  of  the  valve  and  to  the  con t ro l   valve  28  which  c o n s i s t s  

of  a  s p r i n g - l o a d e d   n o n - r e t u r n   valve  in  p a r a l l e l   with  an  a d j u s t a b l e  

r e s t r i c t o r   connec ted   to  a  c o n t r o l   e lement   in  the  form  of  a  p n e u m a t i c  

a c t u a t o r   34  compr i s ing   a  c y l i n d e r   c o n t a i n i n g   a  p i s t o n   and  a  r e t u r n  

sp r ing   a r r anged   to  dr ive   the  p i s t o n   towards  one  end  of  the  c y l i n d e r  

when  the  a i r   s u p p l i e d   to  the  c y l i n d e r   through  the  c o n t r o l   27  and  

the  valve  28  is  s l i g h t l y   above  a tmospher ic   p r e s s u r e .  

The  pneumat ic   c o n t r o l   27  of  Fig  5  is  s u i t a b l e   for  use  w i t h  

the  c i r c u i t   of  Fig  3  when  the  e l e c t r o - p n e u m a t i c   valve  is  a c t u a t e d ,  

i . e .   i t s   ou tpu t   p o r t   0  is  s e t   in  communication  with  i t s   i n p u t  

por t   I,  by  e n e r g i s a t i o n   of  the  s o l e n o i d   32  whenever  the  ra te   o f  

r o t a t i o n   of  the  o u t p u t   s h a f t   17  exceeds  x  r .p .m.   Air  s u p p l i e d   by 

the  v e h i c l e ' s   compressed  a i r   source  (not  shown)  to  the  i npu t   p o r t  

I  when  the  e l e c t r o - p n e u m a t i c   valve  is  a c t u a t e d   is  then  s u p p l i e d  



through  the  r e g u l a t o r   33  and  the  n o n - r e t u r n   valve  of  the  c o n t r o l  

valve  28  to  the  pneuma t i c   a c t u a t o r   34  so  t h a t   i t s   p i s t o n   i s  

r a p i d l y   pushed  back  a g a i n s t   the  r e tu rn   sp r i ng   of  the  a c t u a t o r   3 4 .  

Subsequen t   d e - e n e r g i s a t i o n   of  the  s o l e n o i d   r e s u l t s   in  the  o u t p u t  

p o r t   0  be ing   shu t   off   from  the  input   p o r t   I  and  p l a c e d   i n  

communicat ion  with  the  exhaus t   por t   EXE  of  the  e l e c t r o - p n e u m a t i c  

valve.   C o n s e q u e n t l y ,   the  compressed  a i r   in  the  a c t u a t o r   34  i s  

dr iven  out  through  the  a d j u s t a b l e   r e s t r i c t o r   of  the  c o n t r o l   v a l v e  

28,  and  thence  through  the  r e g u l a t o r   33  and  the  e l e c t r o - p n e u m a t i c  

valve  to  the  a t m o s p h e r e ,   the  n o n - r e t u r n   valve  of  the  c o n t r o l   v a l v e  

28  be ing   shut   so  t h a t   t h i s   escape  of  a i r   from  the  a c t u a t o r   34  i s  

r e l a t i v e l y   g r a d u a l .  

In  the  m o d i f i e d   example  where  the  s o l e n o i d   32  is  e n e r g i s e d  

at  the  s t a r t   to  b r i n g   the  ra te   of  r o t a t i o n   up  to  x  r .p .m.   and  i s  

s u b s e q u e n t l y   d e - e n e r g i s e d   u n t i l   the  ra te   f a l l s   below  y  r . p . m . ,   t h e  

e l e c t r o - m e c h a n i c a l   a c t u a t o r   ar rangement   and  c o n t r o l   e l ement   o f  

Fig  5  is  p r e f e r a b l y   a l so   modifed  by  r e v e r s i n g   the  d i r e c t i o n   o f  

opening  of  the  n o n - r e t u r n   valve  so  tha t   i n s t e a d   of  opening  u n d e r  

the  a c t i o n   of  a  flow  of  a i r   from  the  r e g u l a t o r   33  to  the  a c t u a t o r  

34,  i t   is  a r r a n g e d   to  open  under  t h e  a c t i o n   of  a  flow  of  a i r   f rom 

the  a c t u a t o r   34  to  the  r e g u l a t o r   33.  In  t h i s   modi f i ed   form,  t h e  

a d j u s t a b l e   r e s t r i c t o r   of  the  con t ro l   valve  28  de t e rmines   t h e  

ra te   at  which  the  p i s t o n   of  the  a c t u a t o r   34  is  d r iven   back  a g a i n s t  

the  r e t u r n   s p r i n g   of  the  a c t u a t o r ,   the  n o n - r e t u r n   valve  be ing   s h u t ,  

and  the  e x c l u s i o n   of  a i r   from  the  a c t u a t o r   34  when  the  o u t p u t  

p o r t   0  is  in  communicat ion  with  the  exhuas t   p o r t   EXH  is  e f f e c t e d  

r a p i d l y   through  the  n o n - r e t u r n   valve  of  the  c o n t r o l   valve  2 8 .  

Fig  9  shows  s c h e m a t i c a l l y   a  c o n t r o l   l i nkage   for  a  v e h i c l e  

a c c e l e r a t o r   c o n t r o l   in  which  an  a c c e l e r a t o r   peda l   35  is  coupled  by  a 

r i g i d   l ink   36  to  a  c e n t r a l l y   p ivo t ed   l e v e r   37  hav ing   i t s   e n d  

remote  from  i t s   p i v o t a l   connect ion   to  the  l ink  36  a t t a c h e d   to  a 

r e t u r n   sp r i ng   38  and  p i v o t a l l y   connected  to  a  r i g i d   t r a n s m i s s i o n  

l ink  39  coupled  by  a n o t h e r   c e n t r a l l y   p i v o t e d   l e v e r   40  to  t h e  

o u t s i d e   end  of  the  p i s t o n   rod  41  of  a  pneumat ic   a c t u a t o r   42  such  as  

the  a c t u a t o r   34  of  Fig  5.  The  c y l i n d e r   43  of  the  a c t u a t e   42  h a s  

at  i t s   end  remote  from  the  ou ts ide   end  of  the  rod  41  a  lug  44 

p i v o t a l l y   connec t ed   to  the  end  of  a  c o n t r o l   l e v e r   45  of  a  fuel   pump 

46  of  an  i n j e c t i o n   engine   (not  shown)  which  may  be  the  engine  10  o f  



Fig  6.  A c t u a t i n g   a i r   from  a  c o n t r o l   valve  such  as  the  valve  28 

of  Fig  5  is  s u p p l i e d   to  the  a i r   i n l e t   47  of  the  a c t u a t o r   44.  The 

a r rangement   of  Fig  9  is  such  t h a t   when  the  re turn   spr ing   48  of  t h e  

a c t u a t o r   42  is  in  i t s   r e l a x e d   s t a t e   as  i l l u s t r a t e d   in  Fig  9 ,  

d e p r e s s i o n   of  the  a c c e l e r a t o r   peda l   35  to  the  maximum  e x t e n t  

r e s u l t s   in  the  fuel   pump  l eve r   45  t u r n i n g   a n t i - c l o c k w i s e   to  t h e  

p o s i t i o n   for  maximum  flow  of  fue l   to  the  engine .   When  c o m p r e s s e d  

a i r   is  a l lowed  in to   the  a c t u a t o r   42,  the  sp r ing   48  is  compressed  and 

the  d i s t a n c e   between  the  o u t s i d e   end  of  the  p i s ton   rod  41  and  t he  

lug  44  is  i n c r e a s e d   to  a  p r e d e t e r m i n e d   e x t e n t .   C o n s e q u e n t l y ,  

maximum  d e p r e s s i o n   of  the  a c c e l e r a t o r   pedal   35  now  r e s u l t s   in  t he  

fuel  pump  l e v e r   45  t u rn ing   a n t i - c l o c k w i s e   to  a  p r e d e t e r m i n e d  

l i m i t   p o s i t i o n   which  is  s h o r t ,   by  a  p r e d e t e r m i n e d   amount,  of  t h e  

p o s i t i o n   for  maximum  flow  of  fuel   to  the  engine.   Hence,  i f   w h i l e  

the  pedal   35  is  be ing   held  down  at  i t s   p o s i t i o n   of  maximum 

d e p r e s s i o n   the  a c t u a t o r   is  i n i t i a l l y   u n p r e s s u r i s e d ,   so  t h a t   t h e  

s p r i n g   48  is  in  i t s   r e l axed   s t a t e ,   a i r   is  supp l i ed   to  t h e : a : : t u a t o r  

42  and  compresses  the  sp r ing   48,  the  fuel  pump  lever   45  w i l l   t u r n  

back  c lockwise   from' the  p o s i t i o n   for   maximum  flow  of  fuel   to  the  

p r e d e t e r m i n e d   l i m i t   p o s i t i o n .   Thus,  the  engine  can  be  slow  down 

while  the  a c c e l e r a t o r   pedal  35  is  dep re s sed .   In  such  an  example ,  

the  pedal   35  is  used  to  c o n t r o l   the  engine  during  ope ra t i on   of  t h e  

power  t a k e - o f f   system  which  is  as  d e s c r i b e d   h e r e i n b e f o r e   w i t h  

r e f e r e n c e   to  Figs  2,  3,  4,  5  and  6,  the  l inkage  and  fuel  pump  46 

of  Fig  9  c o n s t i t u t i n g   the  fuel   flow  c o n t r o l   22  of  Fig  6 .  

Where  a  v e h i c l e   has  a  s e p a r a t e ,   manually  operable   lever   f o r  

c o n t r o l l i n g   a  power  t a k e - o f f   sys tem,   the  fuel  flow  con t ro l   22  may 
be-as   shown  in  Fig  10  where  a  c e n t r a l l y   p ivo ted   l eve r   49  has  a 

hand  knob  50  at  an  a c c e s s i b l e   end  and  is  p i v o t a l l y   connected  a t  

the  o the r   end  to  one  end  51  of  a  t r a n s m i s s i o n   cable  having  a  s h e a t h  

52  with  i t s   end  53  a d j a c e n t   the  cable  end  51  f ixed  and  i t s   e n d  

54  a d j a c e n t   the  o the r   cable  end  55  mounted  on  the  free  end  of  a 

l eve r   56  with  a  f ixed   p i v o t a l   mounting  57.  This  o ther   end  55  o f  

the  cable  is  p i v o t a l l y   connected  to  the  free  end  of  the  c o n t r o l  

lever   45  of  the  fuel  pump  46.  The  l e v e r   56  is  coupled  to  a  f i x e d  

pos t   60  by  a  r e t u r n   t ens ion   sp r i ng   58  and  a  pneumatic  a c t u a t o r  

59  which  in  th i s   case  does  not  r e q u i r e   i t s   own  r e tu rn   s p r i n g .  

P r e s s u r i s a t i o n   of  the  a c t u a t o r   59  turns   the  l ever   56  c l o c k w i s e  



aga ins t   the  t e n s i o n   of  the  r e t u r n   s p r i n g   58  and  i n c r e a s e s   t h e  

d i s t ance   between  the  ends  53  and  54  of  the  sheath   of  the  c a b l e ,  

thereby  d r i v i n g   the  end  55  of  the  cable  f u r t h e r   away  from  i t s   e n d  

51.  Consequen t ly ,   p r e s s u r i s a t i o n   of  the  a c t u a t o r   59  while  the  knob  

50  is  he ld   in  any  p a r t i c u l a r   p o s i t i o n   causes  the  fuel   pump  l e v e r  

55  to  be  r o t a t e d   c lockwise   which,  i t   is  a r r a n g e d ,   r e s u l t s   in  a 

r e d u c t i o n   of  the  flow  of  f u e l ,   as  in  the  a r rangement   of  Fig  9 .  

Where  i t   is  d e s i r a b l e   to  have  a  second  upper  l i m i t   z  r . p . m .  
which  is  a  h i g h e r   ra te   of  r o t a t i o n   than  x  r . p . m . ,   a  second  c i r c u i t  

c o r r e s p o n d i n g   to  Fig  3  is  p r o v i d e d   with  the  t iming  chosen  t o  

r ep lace   x  r . p .m .   with  z  r .p .m.   and  y  r . p .m.   with  (z-a)  r .p .m.   w h e r e ,  

say  a=x-y,  and  the  s o l e n o i d   32  of  t h i s   second  c i r c u i t   accord ing   t o  

Fig  3  is  the  s o l e n o i d   of  a  second  e l e c t r o - p n e u m a t i c   va lve .   The  two 

e l e c t r o - p n e u m a t i c   v a l v e s ,   EVl  and  EV2,  are  used  as  shown  in  Fig  7, 

each  s u p p l y i n g   i t s   r e s p e c t i v e   p r e s s u r e   r e g u l a t o r   33  or  33'  and  t h e  

ou tpu ts   of  the  r e g u l a t o r s   being  connec ted   to  the  two  i npu t   po r t s   o f  

a  p i l o t   o p e r a t e d   s p r i n g   r e t u r n e d   a i r   valve  70.  The  o u t p u t   p o r t  

of  the  valve  70  is  in  communicat ion  with  a  c o n t r o l   valve  such  

as  the  valve  28  of  Fig  5.  The  p i l o t   P  of  the  valve  70  is  c o n n e c t e d  

to  be  s u p p l i e d   with  a i r   from  the  ou tpu t   po r t   of  the  s e c o n d  

e l e c t r o - p n e u m a t i c   valve  EV2  a n d  w h e n   thus  s u p p l i e d ,   holds  t h e  

output   p o r t   of  the  valve  70  in  communicat ion  with  t h a t   one  of  i t s  

i npu t   po r t s   which  communicates  with  the  r e g u l a t o r   33'  of  the  s e c o n d  

e l e c t r o - p n e u m a t i c   valve  EV2.  In  the  absence  of  a  compressed  a i r  

supply  from  the  o u t p u t   p o r t   of  the  second  valve  EV2,  the  r e t u r n  

sp r i ng   S  of  the  valve  70  holds  the  ou tpu t   p o r t   of  the  valve  70 

in  communicat ion  with  the  o the r   i npu t   p o r t ,   which  is  in  communica t ion  

with  the  r e g u l a t o r   3 3 .  

In  o p e r a t i o n ,   while   the  r a te   of  r o t a t i o n   of  the  ou tpu t   s h a f t  

17  i n c r e a s e s   from  below  y  r .p .m.   to  below  x  r . p .m .   both  valves   EV1 

and  EV2  vent   t h e i r   ou tpu t   por t s   to  a tmosphere ,   t h e i r   s o l e n o i d s  

being  in  the  d e - e n e r g i s e d   s t a t e .   When  the  r a te   exceeds  x  r . p . m .  
the  f i r s t   va lve   EVl  is  a c t u a t e d   and  a i r   at  a  p r e s s u r e   d e t e r m i n e d  

by  the  r e g u l a t o r   33  i s   s u p p l i e d   to  the  valve  70.  This  p r e s s u r e  
is  lower  than  t h a t   d e t e r m i n e d   by  the  r e g u l a t o r   33'  when  t h e  

r e g u l a t o r   33'  is  be ing   s u p p l i e d .   While  the  ra te   is  between  x  r . p . m .  

and  z  r .p .m.  ,   the  valve  EV2  is  not  a c t u a t e d ,   and  the  a i r   from  t h e  

r e g u l a t o r   33  pa s se s   through  the  p i l o t   o p e r a t e d   valve  70.  Above 



z  r .p .m.   both  valves   EVl  and  EV2  are  a c t u a t e d   but  the  p i l o t   P  o f  

the  valve  70  s tops   the  flow  of  a i r   from  the  r e g u l a t o r   33  and  a l l o w s  

the  flow  of  a i r ,   at  h i g h e r   p r e s s u r e ,   from  the  r e g u l a t o r   3 3 ' .  

Consequen t ly ,   with  a  s u i t a b l e   r e tu rn   sp r ing   for  the  pneumat ic   a c t u a t o r  

s u p p l i e d   by  the  a r r angemen t   of  Fig  7,  e .g .   the  a c t u a t o r   34,  o r  

42  or  59,  the  fuel  pump  l ever   can  be  tu rned   back  by  a  f i r s t ,  

s m a l l e r   amount  at  the  occur rence   of  a  ra te   between  x  r .p .m.   and 

z  r .p .m.   and by  a  second,   l a r g e r   amount  at  the  occur rence   of  a 

ra te   exceed ing   z  r . p .m.   Thus  a  two  s tage  con t ro l   can  be  e f f e c t e d .  

Control   with  more  s t ages   than  two  can  be  p rov ided   using  f u r t h e r  

s u i t a b l e   c i r c u i t s   a c c o r d i n g   to  Fig  3  and  f u r t h e r   o v e r r i d i n g  

pneumat ic   b ranches   having   an  e l e c t r o - p n e u m a t i c   va lve ,   a  p r e s s u r e  

r e g u l a t o r   and  a  p i l o t   o p e r a t e d   sp r ing   r e t u r n e d   a i r   v a l v e .  

Fig  11  r e p r e s e n t s   ano the r   form  of  fuel   flow  c o n t r o l   i n  

which  a  f i r s t   pneumat ic   con t ro l   61  with  a  con t ro l   member  62 

a c t u a b l e   by  a  user  of  the  veh i c l e   c o n t r o l s   the  p r e s s u r e   o f  

compressed  a i r   s u p p l i e d   t h e r e t o .   The  ou tput   po r t   63  of  t he  

con t ro l   61  communicates  with  the  input   p o r t   64  of  an 

e l e c t r o - p n e u m a t i c   c o n t r o l   un i t   65  of  which  the  ou tpu t   po r t   66 

communicates  with  a  pneumat ic   a c t u a t o r   67  of  the  same  kind  as  t he  

a c t u a t o r   34  of  Fig  5.  The  a c t u a t o r   67  has  a  p i s t o n   rod  41,  a  r e t u r n  

spr ing   48  and  a  lug  44  as  does  the  a c t u a t o r   42  of  Fig  9.  However, 

in  the  a r rangement   of  Fig  11,  the  lug '44   is  p i v o t e d   on  a  f i x e d  

mounting  68  and  the  rod  41  is  p i v o t a l l y   connected  to  the  free  end  

of  the  con t ro l   l eve r   45  of  the  fuel  pump  46.  The  e l e c t r o - p n e u m a t i c  

c o n t r o l   un i t   65  has  an  e l e c t r o - p n e u m a t i c   valve  69  shown  in  Fig  8 

and  a  p r e s s u r e   r e g u l a t o r   71  connected  t h e r e t o   as  shown.  The  o u t p u t  

por t   of  the  e l e c t r o - p n e u m a t i c   valve  69  is  the  output   po r t   66  of  t h e  

uni t   6 5 .  

E n e r g i s a t i o n   of  the  so l eno id   of  the  valve  69,  which  i n  

t h i s   example  is  the  s o l e n o i d   32  of  a  c i r c u i t   according   to  Fig  3, 

causes  the  p r e s s u r e   at  the  output   po r t   66  to  be  reduced  by  the  d rop  

i n t r o d u c e d   by  the  r e g u l a t o r   71.  Fig  8  shows  a  one  stage  c o n t r o l  

unit   65.  However,  e l e c t r o - p n e u m a t i c   c o n t r o l   uni ts   having  a  

p l u r a l i t y   of  s t ages   to  produce  con t ro l   s i m i l a r   to  t h a t   of  Fig  7 

or  c o r r e s p o n d i n g   a r r angemen t s   with  three   or  more  e l e c t r o - p n e u m a t i c  

valves  can  be  c o n s t r u c t e d   by  simply  connec t ing   the  r e q u i r e d   p l u r a l i t y   o f  

a r rangements   a c c o r d i n g   to  Fig  8  in  s e r i e s   with  one  ano the r ,   t h e s e  



s tages   having   r e s p e c t i v e   p r e s s u r e   r e g u l a t o r s   which  produce  e q u a l  

p r e s s u r e   drops  i f  e q u a l   s t eps   in  the  c o n t r o l   are  r e q u i r e d .  

The  fuel   flow  c o n t r o l   of  Fig  11  is  used  with  the  a c t u a t o r   67  

and  fuel  pump  46  so  a r r anged   tha t   as  the  a c t u a t o r   67  is  p r e s s u r i s e d ,  

the  fuel   pump  l e v e r   45  turns   clockwise  to  p o s i t i o n s   of  i n c r e a s i n g l y  

h igher   r a t e s   of  flow  of  fue l .   Hence,  with  the  e l e c t r o - p n e u m a t i c  

con t ro l   un i t   65  of  Fig  8,  a c t u a t i o n   of  the  valve  69  causes  a  

r e d u c t i o n   in  the  ra te   of  flow  of  fue l .   To  achieve  a  form  of  c o n t r o l  

in  which  the  r a t e   of  r o t a t i o n   of  the  o u t p u t   s h a f t   17  is  i n c r e a s e d  

a u t o m a t i c a l l y   from  zero  to  x  r .p .m.   and  then  he ld   at  the  lower  r a t e  

of  y  r . p . m ,   the  f i r s t   con t ro l   61  may  simply  be  d i spensed   with  and  

the  c o n t r o l   un i t   65  of  Fig  8  is  used  with  the  c i r c u i t   of  Fig  3  as  

d e s c r i b e d   so  t h a t   the  s o l e n o i d   32  is  e n e r g i s e d   above  x  r .p .m  on 

i n c r e a s e   of  s h a f t   r a t e   from  zero  and  remains   t h e r e a f t e r   e n e r g i s e d  

above  y  r . p .m .   However,  a  more  s a t i s f a c t o r y   system  for  a c h i e v i n g  

such  c o n t r o l   is  p r o v i d e d   by  again  d i s p e n s i n g   with  the  f i r s t   c o n t r o l  

61  and  mod i fy ing   the  u n i t   65  of  Fig  8  b y  r e c o n n e c t i n g   t h e  

r e g u l a t o r   71  so  t h a t   the  i npu t   po r t   64  communicates  with  the  o u t p u t  

por t   66  through  the  r e g u l a t o r   71  when  the  valve  69  is  not  a c t u a t e d ,  

and  tha t   the  i n p u t   p o r t   64  communicates  with  the  output   p o r t   66 

d i r e c t l y   through  the  valve  69  when  the  valve  69  is  in  i t s   a c t u a t e d  

s t a t e ,   the  c i r c u i t   of  Fig  3  being  so  m o d i f i e d   tha t   the  s o l e n o i d   32 

is  e n e r g i s e d   while   the  cu tpu t   s h a f t   r a t e   i n c r e a s e s   from  zero  t o  

x  r .p .m.   and  is  t he reupon   d e - e n e r g i s e d   u n t i l   the  r a te   f a l l s   b e l o w  

y  r . p . m .  
In  a  s imple   example  of  a  form  of  c o n t r o l   in  which  the  r a te   o f  

r o t a t i o n   of  the  ou tpu t   s h a f t   17  of  Fig  6  is  i n c r e a s e d   from  zero  to  a 

p r e d e t e r m i n e d   r a te   and  he ld   s u b s t a n t i a l l y   at  t h a t   p r e d e t e r m i n e d   r a t e ,  

the  fuel   flow  c o n t r o l   22  of  Fig  6  c o n s i s t s   of  a  fuel   pump  having   i t s  

lever   d i r e c t l y   connec ted   to  and  p o s i t i o n e d   by  the  p i s t o n   rod  of  t h e  

a c t u a t o r   34  of  Fig  5,  the  ar rangement   be ing   such  tha t   as  the  p i s t o n  

rod  is  moved  l e f t w a r d s   in  Fig  5  by  the  compressed  a i r   from  t h e  

valve  28,  which  p r e f e r a b l y   has  i t s   n o n - r e t u r n   valve  connected   t h e  

oppos i t e   way  round  from  the  way  shown  in  Fig  5,  the  l eve r   ( n o t  

shown)  of  the  fuel   pump  (not  shown)  is  t u rned   to  p o s i t i o n s   o f  

i n c r e a s i n g l y   h i g h e r   r a t e s   of  flow  of  fue l   to  the  engine  10.  The 

s o l e n o i d   32  of  the  e l e c t r o - p n e u m a t i c   valve  must  in  t h i s   exmaple  



be  e n e r g i s e d   for  r a t e s   of  s h a f t   r o t a t i o n   below  the  p r e d e t e r m i n e d  

r a t e ,   and  t h e r e f o r e   the  c i r c u i t   accord ing   to  Fig  3  must  be  m o d i f i e d  

by  having  a  r e l ay   RL1  which  has  normally  open  c o n t a c t   se t s   RL1-1 

and  RLl-2,  these  s e t s   being  closed  whenever  the  r e l ay   RL1  i s  

e n e r g i s e d .  

In  a  f u r t h e r   m o d i f i c a t i o n ,   whichever   form  of  c o n t r o l   i s  

p r o v i d e d ,   the  a p p a r a t u s   of  Fig  5  is  adapted,   by  the  i n t r o d u c t i o n   o f  

a  s h u t t l e   valve  in  the  connec t ion   between  the  con t ro l   valve  28 

and  the  a c t u a t o r   34,  to  allow  cont ro l   of  the  a c t u a t o r   34  by  a n o t h e r  

supply  of  compressed  a i r   which  may  be  c o n t r o l l e d   in  any  d e s i r e d  

manner.  The  s h u t t l e   valve  (not  shown)  has  i t s   ou tpu t   p o r t   c o n n e c t e d  

to  the  a c t u a t o r   and  i t s   two  input   por t s   r e s p e c t i v e l y   c o n n e c t e d  

to  the  valve  28  and  the  o ther   supply  of  compressed  a i r ,   so  t h a t  

whichever   of  the  va lve   28  and  the  o ther   supply  p rov ides   the  h i g h e r  

a i r   p r e s s u r e   takes   c o n t r o l   of  the  a c t u a t o r   34.  

In  embodiments   of  the  p r e s e n t   i n v e n t i o n   in  which  the  e n g i n e  

d r i v i n g   the  power  t a k e - o f f   ou tput   sha f t   has  an  engine  speed  v .  

fuel  input   c h a r a c t e r i s t i c   such  as  t ha t   of  Fig  1,  the  two  or  more 

r e f e r e n c e   r a t e s   for  the  output   s h a f t ,   e .g .   x  r .p .m.   and  y  r . p . m ,  

can  be  chosen  to  p rov ide   the  optimum  working  c o n d i t i o n s   for  t h e  

power  t a k e - o f f   a p p a r a t u s   with  regard  to  the  expec ted   load  on  t he  

power  t a k e - o f f   o u t p u t   s h a f t ,   desp i te   the  rap id   ra te   of  change  o f  

engine  speed  with  fue l   input   in  the  middle grange  of  r a t e s   o f  

r o t a t i o n   of  the  engine   output   sha f t .   For  example,  by  s u i t a b l e  

choice  of  x  and  y,  the  engine  to  which  Fig  1  r e l a t e s   can  be  

caused  to  work  in  the  range  1600  r .p .m.   to  1800  r . p . m .  

Although  in  a l l   the  examples  shown  in  the  drawings ,   the  means 

for  c o n t r o l l i n g   the  r a te   of  flow  of  fuel  has  i n c l u d e d   a  fuel   p u m p ,  

where  the  engine  is  not  an  i n j e c t i o n   engine  the  means  for  c o n t r o l l i n g  

the  ra te   of  flow  of  fuel   w i l l   usua l ly   employ  a  c a r b u r e t t o r   i n s t e a d  

of  a  fuel   pump.  In  an  embodiment  of  the  p r e s e n t   i n v e n t i o n   which  

employes  a  c a r b u r e t t o r ,   a  so l eno id   analogous  to  the  s o l e n o i d   32 

of  Fig  3  may  have  an  armature  adapted  to  act   d i r e c t l y   on  an 

a c c e l e r a t o r   l i nkage   of  the  c a r b u r e t t o r   s ince  the  power  r e q u i r e d   t o  

ope ra t e   such  a  l i n k a g e   does  not  warrant   the  use  of  a  p n e u m a t i c  

a c t u a t o r .  



1.  A  v e h i c l e   c o m p r i s i n g :  

an  i n t e r n a l   combustion  e n g i n e ,  

a  fue l   supply  for  said  engine ,   flow  r a t e   c o n t r o l l i n g  

means  for  c o n t r o l l i n g   the  flow  ra te   of  fuel   to  s a id   e n g i n e ,  

power  t a k e - o f f   means  coupled  to  sa id   engine  to  be  d r i v e n  

t h e r e b y ,   and  a  power  t a k e - o f f   ou tpu t   sha f t   in  sa id   power  t a k e - o f f  

means,  c h a r a c t e r i s e d   b y  

means  (18)  for  s ens ing   r o t a t i o n   of  sa id   o u t p u t   s h a f t   (17) 

and  p r o d u c i n g   in  r e sponse   t h e r e t o   a  r e p e t i t i v e   s i g n a l   in  wh ich  

the  r e p e a t e d   e l emen t   is  i n v e r s e l y   r e l a t e d   to  the  r a t e   of  r o t a t i o n  

of  sa id   o u t p u t   s h a f t   ( 1 7 ) ,  

and  e l e c t r i c a l   c o n t r o l   means  (20)  coupled  to  s a id   s e n s i n g  

means  (18)  to  r e c e i v e   t h e r e f r o m   said  r e p e t i t i v e   s i g n a l   and  so  

coupled  to  s a id   means  (22)  for  c o n t r o l l i n g   the  r a t e   of  flow  of  f u e l  

as  to  cause  s a id   flow  ra te   c o n t r o l l i n g   means  (22)  to  reduce  s a i d  

flow  ra te   whenever  the  r a t e   of  r o t a t i o n   of  s a id   o u t p u t   s h a f t   (17) 

exceeds  a  p r e d e t e r m i n e d   value  when  i n c r e a s i n g   from  z e r o .  

2.  A  v e h i c l e   a cco rd ing   to  claim  1,  wherein  sa id   e l e c t r i c a l  

con t ro l   means  (20)  i n c l u d e s   t iming  means  (25)  adap ted   t o  

d i s t i n g u i s h   be tween  the  d u r a t i o n   of  the  sa id   r e p e a t e d   e lement   of  t h e  

r e p e t i t i v e   s i g n a l   when  the  sa id   ra te   of  r o t a t i o n   is  i n c r e a s i n g  

from  zero  and  is  below  the  said  p r e d e t e r m i n e d   r a t e   and  the  d u r a t i o n  

of  the  sa id   r e p e a t e d   e lement   when  the  said  r a t e   of  r o t a t i o n   i s  

i n c r e a s i n g   from  zero  and  exceeds  the  sa id   p r e d e t e r m i n e d   r a t e .  

3.  A  v e h i c l e   a c c o r d i n g   to  claim  2,  wherein   sa id   t i m i n g  

means  (25)  is   f u r t h e r   adapted  to  d i s t i n g u i s h   between  the  d u r a t i o n  

of  sa id   r e p e a t e d   e l emen t   when  the  said  ra te   of  r o t a t i o n   i s  

d e c r e a s i n g   from  above  the  said  p r e d e t e r m i n e d   r a t e   bu t   is  above  a  

f u r t h e r   p r e d e t e r m i n e d   r a t e ,   and  the  d u r a t i o n   of  sa id   r e p e a t e d  

e lement   when  the  sa id   r a t e   of  r o t a t i o n   is  d e c r e a s i n g   from  above 

the  f i r s t   sa id   p r e d e t e r m i n e d   ra te   and  is  below  the  sa id   f u r t h e r  

p r e d e t e r m i n e d   r a t e .  



4.  A  v e h i c l e   accord ing   to  claim  3,  wherein  sa id   t iming  means 

(25)  compr i ses   an  a s t a b l e   m u l t i v i b r a t o r   '(IC2,  C2,  VR1,  R6,  VR2, 

R7,  R8)  so  coupled   to  said  means  (18)  for  s ens ing   r o t a t i o n   as  to  be  

i n h i b i t e d   for  a  p r e d e t e r m i n e d   i n t e r v a l   at  each  o c c u r r e n c e   of  one  p a r t  

of  the  s a id   r e p e a t e d   element  of  the  r e p e t i t i v e   s i g n a l ,   and  a  

monos tab le   c i r c u i t   (IC3,  R9,  C4)  so  coupled  to  the  a s t a b l e  

m u l t i v i b r a t o r   (IC2,  C2,  VR1,  R6,  VR2,  R9,  R8)  as  to  be  t r i g g e r e d  

in to   or  m a i n t a i n e d   in  the  set   s t a t e   of  the  monos tab le   c i r c u i t  

(IC3,  R9,  C4)  by  each  occur rence   of  at  l e a s t   p a r t   of  a  cycle  o f  

a s t a b l e   o p e r a t i o n   of  the  a s t a b l e   m u l t i v i b r a t o r ,   the  s a i d  

p r e d e t e r m i n e d   i n t e r v a l   being  of  s h o r t e r   d u r a t i o n   than  the  time  f o r  

which  the  monos tab le   c i r c u i t   can  remain  in  i t s   s e t   s t a t e   i n  

r e sponse   to  a  s i n g l e   t r i g g e r i n g   t h e r e o f ,   and  sa id   m o n o s t a b l e  

c i r c u i t   p r o v i d i n g   a  b ina ry   ou tpu t   s i g n a l   r e p r e s e n t a t i v e   of  i t s  

s t a t e .  

5.  A  v e h i c l e   accord ing   to  claim  4,  wherein  feedback  means 

(TR3,  D4,  R13,  Rl2,  TR2)  are  p rov ided   between  the  m o n o s t a b l e  

c i r c u i t   (C3,  R9,  C4)  and  the  a s t a b l e   m u l t i v i b r a t o r   (IC2,  C2,  VR1, 

R6,  VR2,  R9,  R8)  which  in  response  to  the  b i n a r y   o u t p u t   s igna l   of  t h e  

monos tab le   c i r c u i t   de termine   the  d u r a t i o n   of  sa id   p r e d e t e r m i n e d  

i n t e r v a l .  

6.  A  v e h i c l e   accord ing   to  any  p r e c e d i n g   c la im,   wherein  s a i d  

e l e c t r i c a l   c o n t r o l   means  (20)  o p e r a t e s   such  as  to  p r e v e n t   said  f low 

ra t e   c o n t r o l l i n g   means  (22)  from  i n c r e a s i n g   sa id   flow  ra te   a f t e r  

sa id   r a t e   of  r o t a t i o n   exceeds  said  p r e d e t e r m i n e d   value  u n t i l   s a i d  

r a t e   of  r o t a t i o n   f a l l s _ b e l o w   a  f u r t h e r   p r e d e t e r m i n e d   value  which 

is  lower  than  the  f i r s t   said  p r e d e t e r m i n e d   v a l u e .  

7.  A  v e h i c l e   accord ing   to  any  p r e c e d i n g   c la im,   wherein  s a i d  

e l e c t r i c a l   c o n t r o l   means  (20)  is  such  t h a t   whenever  said  ra te   o f  

r o t a t i o n   exceeds  a  h igher   p r e d e t e r m i n e d   value  above  the  f i r s t  

said  p r e d e t e r m i n e d   va lue ,   said  e l e c t r i c a l   c o n t r o l   means  (20) 

responds   by  caus ing   sa id   flow  ra te   c o n t r o l l i n g   means  (22)  t o  

f u r t h e r   reduce  sa id   flow  r a t e .  



8.  A  v e h i c l e   a cco rd ing   to  any  p r e c e d i n g   c la im,   w h e r e i n  

said  flow  r a t e   c o n t r o l l i n g   means  (22)  i n c l u d e s   a  mechan ica l   member 

(35  or  49  or  62)  ope rab le   by  a  user   to  c o n t r o l   sa id   flow  r a t e  

whenever  sa id   r a t e   of  r o t a t i o n   is  i n c r e a s i n g   from  zero  and  b e l o w  

sa id   p r e d e t e r m i n e d   v a l u e .  

9.  A  v e h i c l e   acco rd ing   to  any  p r e c e d i n g   c la im,   wherein   s a i d  

means  for  s ens ing   r o t a t i o n   and  p roduc ing   in  r e sponse   t h e r e t o   a  

r e p e t i t i v e   s i g n a l   comprises   pu l se   g e n e r a t i n g   means  (18,  2 4 ) .  

10.  A  v e h i c l e   acco rd ing   to  claim  4,  wherein   sa id   m o n o s t a b l e  

c i r c u i t   (IC3,  R9,  C4)  is  so  coupled  to  e l e c t r i c a l l y   e n e r g i s a b l e  

means  (RL1)  t h a t   the  e n e r g i s a t i o n   of  sa id   e l e c t r i c a l l y   e n e r g i s a b l e  

means  (RLl)  is  dependent   on  the  p r e s e n c e   of  one  of  the  l e v e l s  

of  the  sa id   b ina ry   s i g n a l ,   and  the  e l e c t r i c a l l y   e n e r g i s a b l e   means 

(RL1)  is  adapted   to  c o n t r o l   said  flew  ra te   c o n t r o l l i n g   means  ( 2 2 ) .  

11.  A  v e h i c l e   a c c o r d i n g   to  claim  10,  wherein   sa id   e l e c t r i c a l l y  

e n e r g i s a b l e   means  comprise  a  r e l a y   (RL1)  having   a  se t   (RL1-2)  o f  

c o n t a c t s   which  is  adapted  to  c o n t r o l   the  supp ly ing   of  e l e c t r i c a l  

power  to  a  s o l e n o i d   (32)  compr i s ing   p a r t   of  sa id   flow  r a t e  

c o n t r o l l i n g   means  ( 2 2 ) .  

12.  A  motor  v e h i c l e   equipped  with  power  t a k e - o f f   a p p a r a t u s  

dr iven   by  an  i n t e r n a l   combustion  engine  and  i n c l u d i n g   a  r o t a r y  

power  t a k e - o f f   o u t p u t   s h a f t ,   c h a r a c t e r i s e d   b y :  

a  sensor   (18)  a r r anged   and  adapted   to  produce  pu l se s   a t  

a  r e p e t i t i o n   r a t e   p r o p o r t i o n a l   to  the  r a t e   of  r o t a t i o n   of  s a i d  

r o t a r y   o u t p u t   s h a f t   (17);  r a t e   d i s c r i m i n a t i n g   c i r c u i t r y   ( IC2 ,  

C2,  VR1,  R6,  VR2,  R71  R8)  coupled  to  r e c e i v e   sa id   pu l se s   and 

d i s c r i m i n a t i n g   between  pulse   r e p e t i t i o n   r a t e s   above  and  below  a t  

l e a s t   one  p r e d e t e r m i n e d   r a t e ;   r a t e   l e v e l   i n d i c a t i n g   means  ( IC3,  

R9,  C4)  coupled  to  sa id   r a t e   d i s c r i m i n a t i n g   means  to  p rov ide   a  

b ina ry   o u t p u t   s i g n a l   i n d i c a t i v e   by  the  p r e v a i l i n g   l eve l   t h e r e o f  

of  the  r e l a t i o n   of  the  pulse   r e p e t i t i o n   r a te   to  sa id   a t   l e a s t   one  

p r e d e t e r m i n e d   r a t e ;   and  flow  r a t e   c o n t r o l   means  (22)  coupled  t o  

sa id   r a t e   l e v e l   i n d i c a t i n g   means  and  r e s p o n s i v e   to  sa id   b i n a r y  



o u t p u t   s i g n a l   to  c o n t r o l   a  flow  of  fuel   to  said  i n t e r n a l  

combustioi .   engine  (10),  said  flow  ra te   c o n t r o l   means  b e i n g  

such  as  to  reduce  sa id   flow  of  fuel   in  r e sponse   to  the  l eve l   o f  

sa id   b i n a r y   ou tpu t   s i g n a l   i n d i c a t i n g   a  pu lse   r e p e t i t i o n   r a t e  

e x c e e d i n g   at  l e a s t   sa id   one  p r e d e t e r m i n e d   r a t e .  

13.  A  motor  v e h i c l e   acco rd ing   to  claim  12,  wherein   sa id   r a t e  

d i s c r i m i n a t i n g   c i r c u i t r y   i n c l u d e s   an  a s t a b l e   m u l t i v i b r a t o r  

(IC2,  C2,  VRl,  R6,  VR2,  R7,  R8)  so  coupled  to  sa id   sensor   (18) 

as  to  be  i n h i b i t e d   by  pulse  r e p e t i t i o n   r a t e s   exceed ing   sa id   one 

p r e d e t e r m i n e d   r a t e ,   and  said  r a t e   l eve l   i n d i c a t i n g   means  i n c l u d e s  

a  monos t ab l e   c i r c u i t   (IC3),  R9-  C4)  so  connec ted   to  s a i d  

a s t a b l e   m u l t i v i b r a t o r   as  to  r e s e t   only  in  response   to  s a i d  

a s t a b l e   m u l t i v i b r a t o r   being  i n h i b i t e d   for  a  p r e d e t e r m i n e d   l e n g t h  

of  t i m e .  

14.  A  motor  v e h i c l e   accord ing   to  claim  13,  wherein  s a i d  

sensor   means  i n c l u d e s   an  i n d u c t i v e   sensor   (18)  so  mounted 

a d j a c e n t   a  p l u r a l i t y   of  metal  p r o j e c t i o n s   e q u i a n g u l a r l y   d i sposed   a b o u t  

and  f i x e d   to  r o t a t e   with  said  r o t a r y   o u t p u t   s h a f t   (17)  as  t o  

produce  on  r o t a t i o n   of  said  r o t a r y   ou tpu t   s h a f t   one  pu lse   i n  

r e sponse   to  each  pass  of  each  of  said  p r o j e c t i o n s   through  t h e  

reg ion   of  s e n s i n g   a s s o c i a t e d   wi th   sa id   s e n s o r .  
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